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Abstract 

Arsenic-contaminated drinking water exposes ~230 million people worldwide to increased 

risks of several diseases and is considered one of the greatest threats to public health. In 

Bangladesh, arsenic-contaminated water has been declared the largest poisoning of a 

population in history, where 39 million people are exposed to arsenic levels above the WHO 

guidelines (>10 μg/L). Drinking water is mainly provided by tube-wells installed by local 

drillers and the majority are located in aquifers with high arsenic levels. The major challenges 

of identifying arsenic-safe aquifers consist of a lack of a common tool for quality assurance 

of hydrogeological data, post-processing of the data, and a possibility to forward analyzed 

data to national and local stakeholders. Therefore, the purpose of this study was to investigate 

the potential of applying a digital solution for collecting and managing hydrogeological data 

in a quality assured platform. This study was a pilot-project in the sub-district Daudkandi, 

Bangladesh in collaboration with the KTH-International Groundwater Research Group. To 

fulfill the purpose, a method was developed for systematic and automated data capturing of 

hydrogeological information in GeoGIS, an advanced software that proved to be an efficient 

tool for visualizing hydrogeological data. The results show that collecting a few field data in 

a systematic and automated way is helpful for interpreting aquifer sequences and will enable 

better prerequisites for targeting safe aquifers and installing safe tube-wells. Conclusions are 

that the integration of a digital platform as a decision tool may significantly improve arsenic 

mitigation strategies. Furthermore, providing information to public and private sectors in 

Bangladesh would increase the transparency of hydrogeological conditions and may help 

improve safe water access to high arsenic areas of Bangladesh.  
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III 

Sammanfattning 

Över 230 miljoner människor världen över exponeras dagligen för arsenik-förorenat 

dricksvatten vilket kan ge upphov till hjärt- och kärlsjukdomar, diabetes samt olika 

cancersjukdomar. Arsenik (As) är en extremt giftig halvmetall som är naturligt 

förekommande i grundvatten och klassas som ett utav de största hoten mot allmän folkhälsa, 

vilket gör reducerande åtgärder till en samhällsutmaning av global karaktär. Ett land som är 

hårt drabbat av höga arsenikhalter är Bangladesh, där miljontals människor utsätts för 

arsenik-nivåer som överstiger WHO:s rekommenderade riktlinjer (>10 μg/L). 

Dricksvattenförsörjningen tillhandahålls framförallt genom vattenbrunnar installerade av 

lokala borrare och där majoriteten är placerade i akviferer med skadligt höga arsenikhalter.  

 

Utmaningarna med att identifiera arseniksäkra akviferer är flera, bland annat saknas ett 

gemensamt verktyg för att hantera, kvalitetssäkra och analysera hydrogeologisk data, samt 

för att delge denna till olika parter på lokal, regional och nationell nivå. Syftet med den här 

studien var således att undersöka potentialen i att tillämpa ett digitalt verktyg för insamling 

och hantering av fältdata från olika databaser till en kvalitetssäkrad plattform. Studien 

genomfördes som ett pilotprojekt i distriktet Daudkandi, Bangladesh i samarbete med 

forskningsgruppen KTH-International Groundwater Research Group. För att uppfylla syftet 

utvecklades en metod för systematisk och automatiserad datainsamling av hydrogeologisk 

information i GeoGIS, en avancerad mjukvara som visade sig vara ett effektivt verktyg för 

visualiseringar av hydrogeologiska data. Resultaten visar att insamling av en liten mängd 

fältdata är till stor hjälp för att tolka akvifersekvenser samt för att urskilja arseniksäkra 

akviferer, vilket skapar bättre förutsättningar för installation av säkra vattenbrunnar. En 

slutsats som dras är att integreringen av en digital plattform för datainsamling avsevärt kan 

förbättra beslutsfattandet för arsenikreducerande strategier samt underlättar ett transparent 

informationsflöde. Genom att tillhandahålla transparent hydrogeologisk information till 

privat och offentlig sektor i Bangladesh kan även tillgången på säkert dricksvatten förbättras. 
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Abbreviations 

 

AI   Artificial Intelligence 

ASMITAS   Arsenic Mitigation at Source [mobile app] 

BBS   Bangladesh Bureau of Statistics 

BDP   Bengal Delta Plain 

BTM   Bangladesh Transverse Mercator 

DEM    Digital Elevation Model 

DPHE   Department of Public Health Engineering, Bangladesh 

GIS   Geographic Information System 

IGARG  International Groundwater Research Group 

NGO   Non Governmental Organization 

SASMIT  Sustainable Arsenic Mitigation 

SDG   Sustainable Development Goal 

UN   United Nations 

WHO   World Health Organization 
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1. Introduction 

Water is one of the most important substances on earth, essential to every form of life and 

equally important as air (WHO, 2019). Access to safe water was declared a fundamental 

human right by the UN General Assembly in 2010, which entitles everyone to access 

sufficient, safe, physically accessible, and affordable water (UN, 2010). To ensure the 

availability of safe water is also one of the central Sustainable Development Goals (SDGs). 

The UN-SDG goal 6.1 emphasizes the importance of safely managed drinking-water sources, 

providing drinking water from improved water sources free from faecal and chemical 

contamination (UN, 2020).   

 

Factors such as population growth, climate change, industrial and agricultural demands are 

causing the global need for water to rise significantly (UNICEF, 2021). In addition, WHO has 

predicted that half of the world’s population will be living in water stressed areas by 2025 

(WHO 2019). 2,5 billion people worldwide rely on groundwater as their drinking water 

source, which in some regions generates problems such as arsenic (As) poisoning (Shaji et al., 

2020). More than 200 million people worldwide are exposed to water with high arsenic 

concentrations and are therefore at risk of arsenic poisoning. High arsenic concentrations in 

groundwater have become an observed matter and is recognized as one of the biggest threats 

to public health (WHO 2018). A country severely affected by high arsenic concentrations is 

Bangladesh, where millions of people are exposed to arsenic levels above the WHO guideline 

which puts them at risk for numerous diseases (Saha and Rahman, 2020).   

 

The awareness of high arsenic values in the groundwater of Bangladesh has risen since it was 

first discovered in 1993. A research group named the International Groundwater Arsenic 

Research Group (IGARG) at KTH have spent the last two decades mapping and developing 

tools to mitigate the high arsenic levels. Particularly successful is a Sediment Color Tool that 

helps local drillers targeting safe aquifers based on the color of the sediment. By using a 

smartphone, the driller can scan the sediment and access information concerning groundwater 

levels and water quality (Sharma et al., 2018). This thesis is written in collaboration with the 

IGARG project team, to explore the potential of advancing the tool further and provide 

information by a visualization of the aquifer characteristics and thereby help target safe 

aquifers for the provision of safe drinking water.  
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1.1 Problem definition 

Arsenic contaminated groundwater in Bangladesh has been classified as the largest poisoning 

of a population in modern history (Smith et al., 2000). Even though scientists have been 

aware of the contaminated water for almost 30 years, 39 million people in Bangladesh are still 

exposed to high arsenic levels and are therefore at risk of numerous diseases (Saha and 

Rahman, 2020). The public is familiar with the fact that arsenic is harmful to their health but 

does not have access to information regarding the arsenic status in their own well. Since high 

arsenic concentrations in groundwater are a widespread problem in Bangladesh, several actors 

are involved and needed to mitigate the arsenic levels. This has resulted in a large amount of 

existing data regarding the wells’ hydrogeological conditions, arsenic levels, and status. To 

inform the public with existing information and provide them with an overall picture, there is 

a need for a tool for collecting and transferring large data sets to a common database. 

1.2 Purpose and research questions 

The overall goal of this thesis is to provide information to present hydrogeological field data 

to both public and private sectors that will be helpful in order to scale up safe water access in 

Bangladesh. In addition, the goal is to increase the transparency of hydrogeological conditions 

to enhance the capacity of targeting safe aquifers. 

 

Furthermore, the aim of this study is to explore the potential of automatically transferring 

captured field data from different sources to a quality assured platform. To fulfill the aim of 

the study, the following research questions have been asked:  

 

● What are the essential data required to identify hydrogeological conditions and aquifer 

sequences? 

● What is the potential of using GeoGIS as a tool to visualize hydrogeological field 

data? 

● What appropriate secondary data is needed? 
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1.3 Limitations 

Even though high arsenic levels are a global problem, some necessary limitations had to be 

made to narrow the scope of this thesis. Therefore, economic and environmental impacts are 

not considered, and the project will only investigate data from one sub-district in Bangladesh. 

To understand the broadness of this matter, the literature study was made with a global 

perspective, even though east Asia was in focus. Since there are massive amounts of data, it 

was decided that only data related to the ASMITAS app and the related project ‘Enhancing 

private sector capacity for scaling-up access to safe drinking water – policy, systems 

strengthening and sustainable service delivery’ would be used. Regarding the software in 

which the visualizations were created, it was determined that GeoGIS would be used to find 

out its potential. 

 

 

 

 

 

 

 

  



4 

2. Background 

The background chapter aims to provide a deeper insight on the status regarding access to safe 

drinking water in the world and specifically in Bangladesh. The first part focuses on the 

importance of safe water access and problems related to arsenic contaminated drinking water 

sources. It also describes how this thesis contributes to the Sustainable Development Goals 

from the perspective of sustainable arsenic mitigation. Thereafter, it continues describing the 

hydrogeological conditions and aquifer characteristics in Bangladesh and within the study 

area (one sub-district in Bangladesh), which is relevant for the interpretation of the results. 

The last part focuses on Arsenic Mitigation Research in Bangladesh conducted by the KTH-

International Groundwater Research Group, for whom this thesis is written. 

2.1 Access to safe drinking water 

Access to safe drinking water is essential for public health and is declared a fundamental 

human right by the UN General Assembly (UN, 2010). Safe drinking water, also known as 

potable water, is defined as “drinking water from an improved water source that is located on 

premises, available when needed, and free from faecal and priority chemical contamination” 

(UNICEF and WHO, 2019). This means water that can be delivered safely to the user and is 

safe for drinking, food preparation and domestic use. It also needs to meet the required quality 

standards when delivered to the user. In many parts of the world, access to safe water is 

limited, which exposes millions of people to dangerously contaminated or polluted drinking 

water (WHO, 2019). To ensure the provision of safe water with good quality is a global 

challenge and there are some ambitious goals within the 2030 Agenda calling for better 

managed water sources (UN, 2020).  

 

In 2017, 75% (5,7 billion) of the world’s population had access to improved drinking water 

sources, which is a significant improvement compared with the 61% (3,8 billion) in 2000 

(UNICEF and WHO, 2019). Improved drinking water sources are by definition “sources that, 

by nature or of their construction or through active intervention, are protected from outside 

contamination, particularly faecal matter. These include piped water in a dwelling, plot or a 

yard, and other improved sources”. However, millions of people still lack access to even a 

basic drinking-water service, and over 2 billion people, which is about 30% of the global 

population, use contaminated drinking water sources (WHO, 2019).  
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There are sharp inequalities in the world concerning access to safe drinking water, strongly 

related to geographic, socio-cultural and economic differences (WHO, 2019). The coverage of 

improved drinking water sources in urban areas (87%) compared to rural areas (60%) 

illustrates the gap between safe water access, exposing people in rural, low-income areas to 

both health and economic risks (UNICEF and WHO, 2019). Safe water sources enable better 

life standards since risky and long travels to collect water are not needed, and it spares time to 

be productive in other ways. The health consequences are also clear since water of good 

quality means less exposure to diseases which also reduces the medical costs, and therefore it 

enables people to be more economically productive (WHO, 2019). 

2.1.1 Arsenic in groundwater 

The presence of Arsenic (As) in groundwater is considered one of the greatest threats to 

public health, according to the World Health Organization (WHO, 2018). Nearly 2,5 billion 

people worldwide rely on groundwater sources for their drinking water supply which makes 

the importance of groundwater with good quality extremely high. The fact that arsenic is 

highly toxic and naturally present in several countries makes the arsenic mitigation a major 

challenge for human society (Shaji et al., 2020). Long-term exposure to high arsenic levels in 

drinking water and food increases the risk of several diseases, such as skin, lung and bladder 

cancer. It can also lead to cardiovascular diseases, liver damage, chronic cough, diabetes and 

skin changes (WHO, 2018). More than 230 million people globally are at risk of arsenic 

poisoning, where the majority live in rural areas and are unaware of the high arsenic 

concentration in their drinking water (Saha and Rahman, 2020).  

 

Arsenic is a highly toxic metalloid that is colorless, tasteless and odorless, and is a natural 

component in the earth's crust, distributed in sediments or rocks as a compound of different 

minerals. Whether the arsenic is released to the groundwater depends on its chemical form 

and the geochemical conditions in the aquifer (Smedley and Kinniburgh, 2002, Bhattacharya 

et al., 2002, Ahmed et al., 2004, Jakariya et al., 2005). Therefore, knowledge about 

hydrogeological conditions and aquifer characteristics is of major importance when using 

groundwater for drinking water supply. The highest arsenic concentrations are generally 

found in the modern orogenic belts and deltaic areas, caused by various natural geological 

processes such as alluvial sediments (Ahmed et al., 2004, Shaji et al., 2020). Alluvial 

sediments are in geological terms eroded material such as clay, sand or gravel that has been 
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carried and deposited by rivers, forming floodplains, sediment basins or deltas (Britannica, 

n.d). 

 

A country that has attracted much attention due to its widespread arsenic contamination is 

Bangladesh, who’s water supply is almost entirely dependent on groundwater sources (WHO, 

2019). Arsenic was first discovered in the Bengal Delta Plain aquifers during the 1990s, and 

since then several millions of people have been exposed to levels above the recommended 

guidelines (Jakariya et al., 2005). Approximately 39 million of the ~160 million people in 

Bangladesh are exposed to drinking water with arsenic levels above the WHO guidelines (10 

μg/L), and 19 million are exposed to levels above the Bangladesh drinking water standards 

(50 μg/L) (Saha and Rahman, 2020). The presence of arsenic in groundwater is also becoming 

a concern for secondary participants since crops, especially rice, make it possible to extend 

the risk of arsenic exposure to even larger populations (Bhattacharya et al., 2007, Halder et 

al., 2014). Considering the magnitude of human health impacts, it is crucial to develop a 

sustainable arsenic mitigation strategy to scale up safe water access (Sharma et al., 2019). 

2.1.2 Drinking water scenario in Bangladesh 

The use of groundwater in Bangladesh increased during the 1970s when the UN initiated a 

well-drilling program with UNICEF to face the problem of cholera and other diarrhea 

diseases due to contaminated water and hygienic deficiencies. During that time, drinking 

water was provided mainly by surface water, often contaminated with faeces and other germs, 

exposing the Bangladeshi population to serious health hazards (Raessler, 2018, Johnston el 

al., 2014). The possibility of using pumped groundwater for drinking instead of surface water 

from rivers and lakes lies behind the remarkable achievement in reducing cholera, diarrheal 

diseases and infant mortality (Hossain et al., 2014). The pumped water was free from 

microbial contamination, but instead it often contained high concentrations of arsenic that, 

unfortunately, was not encountered until 1993 due to lack of chemical analyses (Raessler, 

2018).  

 

Since the 1970s, groundwater has replaced surface water as the main drinking water source. 

In rural Bangladesh drinking water is obtained almost exclusively from millions of tube-wells 

in shallow aquifers, each serving a group of households (Raessler, 2018). The majority of 

wells are installed by local drillers in the communities and are located in unsafe aquifers with 

high arsenic levels (Hossain et al., 2014). Despite significant progress in understanding the 
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source and the distribution of arsenic through aquifers and its mobilization in groundwater, 

there has been limited success in mitigation (Bhattacharya et al., 2014). It is known that 

Bangladesh is more affected by arsenic contamination than any other country, therefore it is 

essential to minimize the gap between the extent of exposure and the pace of mitigation 

(Hossain et al., 2014). 

2.1.3 Water and sustainable development 

Agenda 2030 for Sustainable Development was adapted by the United Nations (UN) and its 

Member States in 2015, as an ambitious global action plan for peace and prosperity, people 

and the planet. The core of Agenda 2030 lies within the 17 Sustainable Development Goals 

(SDGs), integrated into the three dimensions of sustainable development: the environmental, 

social and economic (General Assembly of the United Nations, 2015). The approach to 

sustainable development in this bachelor thesis is the provision of safe drinking water in 

Bangladesh. Designed to contribute to the UN Sustainable Development Goals, the following 

three SDGs with their stated targets are specifically relevant to this project.  

 

Goal 3: “Ensure healthy lives and promote well-being for all at all stages.” 

● Target 3.9 - “By 2030, substantially reduce the number of deaths and illnesses from 

hazardous chemicals and air, water and soil pollution and contamination.” (UN, 2020). 

 

Goal 6: “Ensure availability and sustainable management of water and sanitation of 

all.” 

● Target 6.1 - “By 2030, achieve universal and equitable access to safe and affordable 

drinking water for all.” 

● Target 6.b - “Support and strengthen the participation of local communities in 

improving water and sanitation management.” (UN, 2020). 

 

Goal 11: “Make cities and human settlements inclusive, safe, resilient and sustainable.” 

● Target 11.1 - “By 2030, ensure access for all to adequate, safe and affordable housing 

and basic services and upgrade slums.” (UN, 2020). 

 

To achieve these goals from the perspective of arsenic mitigation, the most important action is 

to prevent further exposure of high arsenic levels in affected areas. The key factor for 

successful interventions is to engage the communities and educate community members to 
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understand the risk of arsenic exposure as well as the sources of high arsenic levels (WHO, 

2018). Within the scope of this thesis, our contribution to the Sustainable Development Goals 

is to provide information concerning hydrogeological conditions to both local drillers in the 

communities and the public sector. Accordingly, the long-term goal is to enhance the capacity 

of targeting safe aquifers and scale up safe water access in Bangladesh. 

 

 

2.2 Hydrogeological overview  

The presence of arsenic in groundwater depends on the aquifer characteristics, which in turn 

are influenced by several geological and sedimentary processes. Therefore, knowledge about 

the hydrogeological conditions in Bangladesh are important to interpret the field data and the 

quality of the results. This section will provide an overview of the geological conditions as 

well as aquifer characteristics that are relevant for this project, including a more detailed 

description of the study area.  

2.2.1 Geological conditions 

Bangladesh spreads across 148,460 square kilometers and is located in Southern Asia, north 

of the Bay of Bengal and south of the Himalayas, bordering India and Myanmar (CIA, 2021). 

The country is a flat deltaic land situated on the Bengal Delta, also known as the Bengal 

Basin, which is the largest sediment basin and delta system in the world (Raessler, 2018). The 

Bengal Basin is combined by the deltas from the Ganges, Brahmaputra and Meghna (G-B-M 

delta system) rivers flowing from the Himalayas that unites and eventually empty out in the 

Bay of Bengal (CIA, 2021). Bangladesh is mostly topographically flat and alluvial plain, 

although it has some elevated terraces in the north, and there are some hills in the eastern 

parts of the country (Ravenscroft, 2011). 

 

The three distinct terrains in Bangladesh are classified as Tertiary hills (eastern Bangladesh), 

Pleistocene terraces (northern Bangladesh) and most of the country is Holocene plain 

(floodplains and deltaic plains in the G-B-M delta system). The geological formations in the 

Bengal Basin are mostly tertiary and quaternary sediments characterized by their lack of 

consolidation (Saha and Rahman, 2020). The sediments in the Bengal Delta have been carried 

and deposited by the three Himalayan rivers and the layers are made from sand, alluvial sand, 
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clay and gravel. These sediments are relatively young, formed in a transgressive phase 

approximately 6000 years ago while today’s coastline was under sea level. Aquifer 

characteristics and groundwater quality in Bangladesh is strongly influenced by these 

geological and sedimentary processes (Raessler, 2018). 

 

The primary source of arsenic in Bangladesh is from crystal rock weathering in the 

Himalayas, transported through the river systems down to the mainland and the Bengal Delta 

Plain aquifers (Ravenscroft, 2011). However, geological formations including volcanic 

movement, regular floods and hydrochemical ore also cause high arsenic concentrations (Huq 

et al., 2020). Arsenic in groundwater occurs as a consequence of geochemical processes and 

favorable geological circumstances in the aquifers that discharges arsenic from the sediment 

to the groundwater (Saha and Rahman, 2020). In the Bengal Delta, the dominating 

mechanism is reductive dissolution of arsenic, although the mobility of arsenic is influenced 

by a variety of factors (Raessler, 2018). 

2.2.2 Aquifer characteristics 

The most important aquifers in the Bengal Basin are Holocene and Pleistocene aquifers as 

they cover most of Bangladesh. The Holocene aquifers are anoxic and characterized by high 

levels of magnesium (Mg), calcium (Ca) and iron (Fe), which are favorable circumstances for 

the mobilization of arsenic (Raessler, 2018). As a result, the groundwater in Holocene 

aquifers is often enriched with high levels of arsenic, which is problematic since they make up 

the main part of drinking water supply in Bangladesh. By contrast, the sediment layers in 

older Pleistocene aquifers are oxidized and the groundwater is of very good quality, low in 

dissolved arsenic or with levels below the WHO guidelines (<10 μg/L) (Saha and Rahman, 

2020).  

 

The highest arsenic concentrations are found in shallow aquifers on depths within 20-70 

meters, indicating that tube-wells in deep aquifers might provide arsenic safe drinking water. 

Although, the depth of the tubewell is not an enough criterion to ensure that the water is 

arsenic safe. The sediment layers in Holocene aquifers are extremely heterogeneous and 

contain holes and gaps that enable vertical mobilization of arsenic. In addition, the 

heterogeneous layers complicate the analysis of the aquifers since individual layers cannot be 

distinguished over large areas, either horizontally or vertical (Raessler, 2018). Consequently, 

knowledge about aquifer characteristics is of major importance as well as careful analysis. 
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2.2.3 Study area 

Bangladesh is the eight most populated country in the world, with a population of ~160 

million people. The capital of Bangladesh is Dhaka which is the major urban area and the 

hometown of 21,7 million people. The urban population is about 38,9% of the total population 

with an annual urbanization rate of ~2.9% (CIA, 2021). Although cities are expanding, most 

of the Bangladeshi population remains in rural areas depending on farming of rice and wheat, 

which makes agriculture the main land use around the Ganges Delta (Ravenscroft, 2011). As 

in many developing countries, poverty has been a social issue for a long time in Bangladesh. 

Despite significant changes in poverty alleviation and demographic changes within the 

country, 24,3 % of the population were living below the national poverty line in 2016 which 

indicates that there are still large equality gaps (The World Bank, 2021). 

 

As one nation Bangladesh is divided into eight divisions, 64 districts, 492 upazilas (sub-

districts) and 4554 unions (Bangladesh National Portal, 2021). The study area of this thesis is 

the Daudkandi upazila of the Comilla district, see Figure 1, situated in the southeast of 

Bangladesh. Daudkandi covers an area of 315 square kilometers and is located in the Meghna 

floodplain near the Meghna river, one of the three rivers that form the Ganges Delta 

(Bangladesh National Portal, 2021). The region is mostly plain lowland with some smaller 

hills in the east (Saha and Rahman, 2020). In 2011, the total population of Daudkandi was 349 

910 where as many as 303 654 lived in rural areas (BBS, 2015).  
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Figure 1. Daudkandi upazila of the Comilla district.  

 

The study area has a tropical monsoon climate where about 80% of the precipitation occurs 

under the monsoon season, between June and October (average annual rainfall ~2170 mm). 

The shallow aquifers in Daudkandi are mainly recharged by vertical infiltration of rainwater 

during rainy seasons (about 200 mm annually), and the groundwater fluctuation varies 

between 1.2 m in dry seasons and 4 m during monsoon seasons. The geological formations 

are of Holocene and Pleistocene age with mostly the shallow aquifers comprising Holocene 

sediments, and the sediments consist mainly of unconsolidated clay, silty clay, silt, and sand. 

A recent study conducted by Saha and Rahman (2020) revealed that about 83% of the 

groundwater in the area contains arsenic levels that exceeds the WHO guidelines (Saha and 

Rahman, 2020). According to the Bangladesh Bureau of Statistics (2015), the drinking water 

sources in Daudkandi consists of 89,5% tube-wells and considering the widespread 

contamination the majority are most likely located in unsafe aquifers.  
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2.3 Arsenic Mitigation Research in Bangladesh 

Provision of safe water reduces the risk of diseases related to arsenic contaminated drinking 

water but providing safe water to the millions of poor people living in rural Bangladesh is not 

an easy task (Jakariya et al., 2005, Hossain et al., 2015). The main challenge is to develop a 

simple and cost-effective option for safe water provision that is easily used and suitable in 

terms of installation and operation (Hossain et al., 2014). There are plenty of research groups, 

companies and organizations that focus on arsenic mitigation. In this section, an international 

research group from KTH and their conducted research will be presented. It is in collaboration 

with this group that this thesis is written. The following subsections also describe key 

participants such as local drillers, and a tool developed by the research group, to target safe 

aquifers. 

2.3.1 International Groundwater Research Group 

The KTH-International Groundwater Research Group (IGARG) was founded in 1999 with the 

aim to conduct research of arsenic occurrence in groundwater and options for safe drinking 

water in affected areas (Union of International Associations, 2009). The first project 

implemented by IGARG was called Arsenic in tubewell water and health consequences in 

Matlab upazila of Chandpur district (AsMat) and went on between the years 1999-2005. The 

purpose with AsMat was to investigate sustainable safe water options in Bangladesh, 

specifically in the Matlab area. The study revealed that nearly 65% of the installed tubewells 

in this area contained arsenic levels above the Bangladesh drinking water standards (50 μg/L). 

To minimize the exposure of arsenic, alternatives to safe water options were introduced 

(Jakariya et al., 2005). Evaluations of these options revealed that tube-wells are the most 

widely accepted option due to technical suitability, no cost of maintenance, and its reliability 

in safe water access throughout the year (Hossain et al., 2014). 

 

Another project conducted by IGARG is SASMIT - Sustainable Arsenic Mitigation, which 

focused on safe water provision in Bangladesh, by targeting arsenic safe aquifers as a 

sustainable mitigation strategy. SASMIT went on in the Matlab area between 2007-2015 and 

was in collaboration with Ramboll, NGO Forum for Public Health (Bangladesh) and Dhaka 

University. The most recognized research by SASMIT is the Sediment Color Tool that helps 

local drillers targeting arsenic safe aquifers when installing shallow drinking water tubewells. 

The SASMIT protocol is based on the linkage between dissolved arsenic concentrations and 
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the color of the sediments, which is described in section 2.3.3. Moreover, SASMIT also 

focused on the installation of tubewells from a socioeconomic perspective by encouraging the 

local drillers to strengthen their indigenous skills and entrepreneurship (SASMIT, 2018). 

 

This thesis is carried out as a part of IGARG and contributes as a pilot study in one upazila 

(Daudkandi) to the on-going project Enhancing private sector capacity for scaling up access 

to safe drinking water - policy, systems strengthening and sustainable service delivery. The 

project is funded by SIDA and is in collaboration with Ramboll, ExcelDots, University of 

Dhaka and UNICEF Bangladesh (Islam, 2021), with the aim to apply the SASMIT protocol in 

three diverse geological environments in Bangladesh. The study area are three distinct 

upazilas: Gowainghat in the northeast piedmont plain, Daudkandi in the Meghna floodplain 

and Assassuni in the Ganges deltaic plain. 

2.3.2 Local drillers - the main drivers  

For water supply in urban areas, piped water supply systems are used, and in the rural parts of 

Bangladesh the water supply is obtained by hand pumped tube-wells (Hossain et al., 2014). 

Despite the fact that tube-well technology was introduced by governmental agencies and 

NGOs, 90% of the tube-wells in rural Bangladesh are installed by local drillers in the 

communities (Bhattacharya et al., 2014). The drilling is mostly done manually since it is cost-

effective and demands easily accessed and low-cost equipment, which makes it affordable for 

most households (Hossain et al., 2014). Unfortunately, most of the tube-wells are in unsafe 

aquifers with high levels of arsenic (Sharma et al., 2018). 

 

Hossain et al. reveals that poverty, unplanned development programs, and lack of adequate 

knowledge of the local geological conditions are important causes for installing tubewells in 

unsafe aquifers (Hossain et al., 2014). In addition, high arsenic levels in groundwater are 

incredibly heterogeneous, both horizontally and vertically, which makes it even more 

challenging to set up tubewells with low arsenic concentrations (von Brömssen et al. 2007). 

Von Brömssen et al. identified the local driller as the main driver for provision of safe 

drinking water in Bangladesh. They also described a need for a tool by which the drillers can 

classify sediments and identify safe aquifers in the field without technical expertise (Jakarya 

et al., 2007, von Brömssen et al., 2008). Furthermore, to minimize the gap between arsenic 

exposure and safe water access, Hossain et al. stated that it’s essential to enhance the drillers' 

capacities to target safe aquifers (Hossain et al., 2014). 
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2.3.3 Sediment color tool for targeting safe aquifers 

The increased awareness of high arsenic-levels in shallow aquifers have recently made the 

drillers change their practice in installing tubewells (Bhattacharya et al., 2014). The naturally 

occurring arsenic in the Bengal Delta is related to the reduction of Fe-oxyhydroxides in the 

sediments that are releasing arsenic to the groundwater. This implies that there is a covariation 

of arsenic-levels and the concentration of dissolved iron in the groundwater (Sharma et al., 

2018). Since low arsenic-levels are associated with low iron concentration, the local drillers 

have learned to look for sediments which indicate a low iron concentration, by evaluating the 

color of the sediment (Bhattacharya et al., 2014). Low iron and arsenic-levels occur in 

oxidized sediments and can be characterized by their red or off-white color, generally 

occurring in depths within 100 m, which is accessible through hand percussion drilling 

(Sharma et al., 2018). A study conducted by von Brömssen et al., (2007) revealed that the 

highest risk of arsenic contamination in groundwater lies with the black sediment color and 

reduces towards red, which is visualized in Figure 2 below. 

 

 

Figure 2. Four sediment colors and their corresponding risk of arsenic concentrations in groundwater 

related their redox status (von Brömssen et al. 2007). 

 

Based on the correlation of the sediment color and the arsenic concentration in the 

groundwater, a sediment color tool was developed by the SASMIT project team from KTH in 

collaboration with local drillers in Bangladesh (Sharma et al., 2018). The sediment color tool 

uses the Munsell Color System for color characterization of the sediments, which is a widely 

known scientific method in soil research (Hossain et al., 2014). The Munsell Color system 

combines thirteen charts and describes colors based on the three properties Hue, Value and 

Chroma. Hue reflects the basic color such as red, green, or yellow, where Value is the 

lightness of the color and Chroma is the intensity (Munsell Color Notation, n.d.). When 

assigning colors to the sediments the visual color was primarily recorded as ‘field observed 

color’ and then compared to the Munsell Color Chart. Finally, the sediment samples were 
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assigned to one of the four colors white, off-white, black and red as shown in figure 3 

(Hossain et al., 2014). 

 

 

        Figure 3. Sediment color tool to target safe aquifers on shallow depths (Hossain et al., 2014).  

 

Intending to facilitate the local drillers to identify and target safe aquifers, the digital and 

Artificial Intelligence (AI) tool ASMITAS (Arsenic Mitigation at Source) was developed 

(Sharma et al., 2018). ASMITAS was produced as a mobile application based on the SASMIT 

project team’s research to advance the sediment color tool. By using AI and by spectral 

scanning the sediment color, ASMITAS helps the driller to classify the sediment with high 

precision and identify whether the aquifer is safe. The app also tells the driller at which depth 

the driller can expect to find groundwater and groundwater with high arsenic concentrations 

(Bhattacharya and Islam, 2018). Therefore, the ASMITAS app can be a useful tool for the 

drillers and other stakeholders to simplify the process of targeting safe aquifers for drinking 

water wells. In order to scale up, it will be necessary to collect additional data and further 

analyze the hydrogeological variations in different aquifer depths (Sharma et al., 2018). 

2.3.4 Lack of transparency in water politics 

As mentioned in the previous sub-section, stakeholders can have use for a tool to facilitate the 

targeting of safe aquifers. Another issue that reduces the access to safe drinking water is the 

lack of transparency in the water politics. The latest report from the Global Corruption 

Barometer (GCB) shows that 74 % of the population think that government corruption is a big 
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problem (Transparency International, 2020). The country was also positioned at 146 of 180 

countries in the corruption perceptions index (CPI) and its 2020 score was 26/100 where 0 

indicates very corrupt and 100 is clean, which is the second-lowest score for the South Asian 

countries, only Afghanistan is lower (Transparency International, 2021). A consequence of 

the corruption existing at many levels in society is that the water politics in Bangladesh are 

affected by the country's overall high corruption rate (Transparency International, 2020).  

 

According to Madajewicz et al. (2021), people with a lot of influence, the elite, can 

significantly impact an existing well or where a well is to be drilled. The location of a well 

and how easily accessible the well is, determines who can use it. The elite can also exclude 

other households from using the wells on their land. Furthermore, if the elite has a self interest 

in the well, they can place the well in a favorable position in relation to the placement of their 

household. To prevent this from happening wells can be located on public land, but this might 

also increase the distance to the well. 

 

The article Inequitable allocation of deep community wells for reducing arsenic exposure in 

Bangladesh, written by van Green et al. investigated the accessibility of the deep wells in the 

Araihazar upazila. Van Green et al. clarifies that the abundance of deep wells and their 

continued installation on lands owned by individual households, where the well is solely 

accessible for the household, could mean unequal access to public goods intended to benefit 

the population at large by the country’s elite. The process of installing and selecting the 

location of a well is complicated and includes up to six different departments, from 

governmental funds to local chairmen, all being elected politicians. The article states that 

decisions made by the elected politicians that have affected the constituency are becoming a 

rising problem, and the decisions should instead be taken by non-partisan civil servants. The 

article also clarifies that the villagers in Bangladesh, in general, are aware of the fact that 

elevated arsenic concentrations cause health risks. Still, due to a lack of information and 

transparency, they do not know the status of their own well (van Geen et al. 2015). 
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3. Methodology  

The methodology section describes the method for systematic and automatized data capturing 

of hydrogeological information in the Daudkandi area. For this project, data capturing was 

done by extracting essential data from different sources into a structured common database, 

with the purpose of visualizing hydrogeological field data. The visualizations were done using 

GeoGIS, which is a specialized tool used for hydrogeological quests and is developed and 

provided by Ramboll. In the following subsections the process is described step by step, 

following the flowchart in Figure 4. 

 

 

Figure 4. Method for systematic and automatized data capturing of hydrogeological data. 

 

3.1 Data capturing 

Data capturing is the process of extracting relevant data from documents and converting it to a 

readable digital format, most often used later to fulfill a certain purpose. Relevant data can be 

information collected from both analog or digital sources, such as scanned documents but also 

structured or unstructured data files. The essential parts of data capturing are to decide what 

data to collect and what data capturing tools should be used. The first part involves evaluating 

whether there is enough existing data that can be reused (3.1.1) or if new data needs to be 

collected (3.1.2). The second part involves ways to structure data files (3.1.4), assurance of 

the data quality and the flexibility of formats in case data needs to be moved (3.1.5) 

(Australian National Data Service, n.d). The following subsections describe how data 

capturing was done within this project, with the purpose of visualizing hydrogeological data.  
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3.1.1 Evaluating existing data 

This project's primary and most fundamental work was to evaluate and collect the essential 

data to transfer and incorporate into GeoGIS. A large amount of field data, including primary 

and secondary data collected in the Daudkandi area was provided digitally by the IGARG 

project team. The data quality varied from very detailed Excel sheets from the ASMITAS 

app, UNICEF, and Dhaka University, to scanned documents in Bengali from the Department 

of Public Health Engineering of Bangladesh (DPHE). The difficulty was to handle data from 

different sources with complementary information and varied quality. Some primary data 

overlapped and provided different information regarding the same borehole, and accordingly, 

this data had to be evaluated further to assume which data is most reliable.  

 

In our analysis we preferred to use primary data, due to the problems concerning corruption 

and lack of transparency that is mentioned under section 2.3.4. Ensuring the quality of the 

data is one of the main challenges to scale up safe water access, and the risk of manipulated 

data needs to be minimized. Therefore, we chose to use primary data from the ASMITAS app 

and field data collected by UNICEF and Dhaka University. Overlapping primary data within 

these documents were, for instance, unmatching coordinates although referring to the same 

borehole. To decide what coordinates to use, they were plotted in ArcGIS and it could be 

determined which borehole was in the right village and thereby use the associated 

coordinates. Other overlapping data is discussed and evaluated in section 4.1. 

3.1.2 Identifying essential data 

In this study we define ’essential data’ as the data needed to evaluate the aquifer 

characteristics and hydrogeological conditions to determine whether the aquifer is safe. In 

addition, essential data is the data required to create a hydrostratigraphic model in GeoGIS. 

To produce a reliable model that can be used as a tool to scale up safe water access, these data 

must concord. Regarding the field data, the essential data was chosen in consultation with the 

IGARG project team, such as hydrogeologists at Ramboll and the developer of the ASMITAS 

app. For example, section 2.3.3 presents the Sediment Color Tool and how the sediment 

colors can be used to identify arsenic-safe aquifers. To create a model based on this tool it is 

obvious that some of the essential data will consist of the sediment sample colors, the arsenic 

concentration and at what depth groundwater is found, to mention some. A detailed overview 

of all essential data from the different databases is presented in section 4.2. 
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Turning now to the data required for GeoGIS, we first had to get a better understanding of 

how the software is structured. By manually incorporating some of the existing data in 

GeoGIS provided a clearer picture of what goes where and what data was missing, which is 

illustrated in Figure 5 below. The flowchart visualizes some structure of GeoGIS, where the 

squares symbolize the headings and subheadings in the main menu of the software. The text 

next to a square is the essential data that was incorporated under the associated heading. The 

regular text is the essential data from already existing field data and the bold data is additional 

essential data that had to be collected. 

 

 

Figure 5. Flow chart of essential data incorporated in GeoGIS. 

 

3.1.3 Collecting additional data 

To fulfill the requirements of data needed to create a model in GeoGIS, some additional data 

had to be collected. As indicated in the previous section (Figure 5), the existing field data 

contained no information about the elevation of our study area, therefore a Digital Elevation 

Model (DEM) was used. Several DEM:s are available for Bangladesh in which the resolution 

varies between 30-90 meters, and the highest resolution possible is desired due to more 
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accurate topography data. A DEM with a 30-Meter resolution from NASA Earthdata was 

selected and accessed through a SRTM Tile Downloader (STRM Tile Downloader, n.d). To 

include the elevation values for our boreholes, the DEM was first incorporated in ArcGIS 

with the borehole coordinates as points and thereafter extracted to Excel.  

 

Other additional data that had to be collected was a projection system for Bangladesh. 

Projections are a way of displaying the coordinate system and the data on a flat surface by 

converting the regular coordinate system (Latitude, Longitude). Different projections provide 

the user with particularly preserved characteristics, such as distance or shape, since it is not 

possible to transpose a curved surface into a flat surface without any deformity (esri, nd.). The 

projection system used for this project is “Bangladesh Transverse Mercator (BTM)”, which 

was recommended by a hydrogeologist at Dhaka University, see Appendix 1. 

3.1.4 Structuring the data  

Once the essential data had been identified and compiled and additional data was collected, it 

was set together and structured systematically in a separate Excel file. In order to transfer the 

essential data from the new Excel file to GeoGIS, the sheets and the columns had to be 

matched with the structure of GeoGIS, following the flow chart in section 3.1.2 (Figure 5). In 

total, five different data sources were used for this project which includes the DEM, where the 

other four data sources are primary data related to the ASMITAS app. The different data 

sources can be visualized further down in the data flow chart in section 3.2.2 (Figure 6). The 

rest of the following section will describe how the data was structured.  

 

Primarily we had to decide on an identifier that would link all sample and chemical data to the 

right borehole. The different boreholes were all connected within the different documents 

through their Project IDs or Nest IDs, where the Project ID is the actual borehole, and the 

Nest ID tells us what boreholes are located within the same village or area. The Project ID is 

used as the main identifier within this project, incorporated into GeoGIS as points. Within 

each borehole (project ID), there are one or more piezometers which in turn has additional 

information such as drilling depth, sediment sample colors, groundwater levels and the 

concentration of arsenic within their screening interval. In the final version of the Excel-file, 

all essential data is linked by the identifier that is the Project ID.  
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Because of the arsenic levels being given as an interval, for example 200-300 μg/L, and not a 

numeric value, the mean value and relative uncertainty for each interval was calculated. The 

relative uncertainty was added into GeoGIS. This was done by using the equation (1) and (2):  

 

                                        𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦 =  𝑎𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑒𝑟𝑟𝑜𝑟
𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑣𝑎𝑙𝑢𝑒

                                     (1)              

Whereas 

            𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑒𝑟𝑟𝑜𝑟 =  𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑣𝑎𝑙𝑢𝑒 −  𝑎𝑐𝑡𝑢𝑎𝑙 𝑣𝑎𝑙𝑢𝑒                    (2). 

 

3.2 Automatized data transfer 

Once the data capturing was finalized, which means that the essential data was identified, 

collected, and structured in a readable format, the data was transferred to a common database 

before being incorporated in GeoGIS. The following subsections describe how the data was 

transferred and illustrates the data flow for all different sources. 

3.2.1 Transferring the data 

Before incorporating the data in GeoGIS it was transferred to a Database Management System 

(DBMS) by running the data through a Python script, written, and adapted to our Excel file 

with the help from Ramboll. The script stored the essential data in Microsoft Access which is 

a widely known DBMS and that is supported by GeoGIS. Once the data was stored in 

Microsoft Access the essential data could easily be accessed by opening the database in 

GeoGIS. Although the script was adapted to this project it also allows a larger amount of data 

to be automatically transferred to a DBMS, which in turn enables the opportunity of scaling 

up this project. 

3.2.2 Data flow chart 

As described in section 3.1, the essential data from different databases were summoned and 

structured in an Excel-sheet. The flowchart below, Figure 6, illustrates what information was 

extracted from what database as well as the data flow from different sources to finally be 

incorporated in GeoGIS.  
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Figure 6. Data flow chart for all the used data. In total 5 different data sources/databases were used.  

3.3 GeoGIS 

Hydrogeological data was presented in GeoGIS 2020, an advanced software developed and 

provided by Ramboll. GIS is an abbreviation for Geographic Information System and is a 

collection of software systems used for gathering, managing, analyzing, and visualizing 

information that is connected to a specific location (esri, n.d). Specifically, GeoGIS is used 

for managing geological, hydrogeological and groundwater databases.  

3.3.1 Visualizations of hydrogeological data 

Once the data was incorporated in GeoGIS the visualizations of hydrogeological data was 

finally done. Some adjustments were required to be done manually, such as setting the correct 

projection system and defining the limit for arsenic safe levels (>10 μg/L). In coherence with 

Ramboll, it was decided to primarily identify shallow, intermediate, and deep aquifers and not 

to create a lithological soil map within this thesis. The essential hydrogeological data for all 

piezometers was presented as borehole logs and hydrographs, created in GeoGIS. By 

investigating the relationship between the borehole logs, their sediment samples and the 

hydrographs, patterns could be identified regarding the connection of the different boreholes 

and their aquifer sequences. The geological interpretation was done with the help from a 

hydrogeologist at Ramboll.  
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4. Material 

The material section aims to provide a better understanding regarding the selection of field 

data used for this project. The first part describes the primary data and what data was taken 

from which database, illustrated with tables. An example of the dataset and chosen parameters 

is included, but not entire files. The last part of this section describes the structured data that 

was incorporated in GeoGIS.  

4.1 Primary data 

The primary data consists of previously collected samples and screenings from 23 installed 

piezometers in five different unions in Daudkandi, shown by the Nest ID in Figure 7. Most of 

the primary data was captured from the ASMITAS database but is complemented with field 

data collected by UNICEF and Dhaka University. All data described in this section 4.1 was 

provided by the IGARG project team or ExcelDots.  

 

Figure 7. Map of study area including the locations of boreholes. 

 

As mentioned in section 3.1.4, there is a Nest Id or a Project Id that connects boreholes, 

piezometers, sample data and chemical data. The Nest Id can be thought of as the umbrella for 
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the boreholes and piezometers within the same union or village. The Nest Id:s in Daudkandi 

are called CDN0X, and since there are piezometers in five different unions, the Nest Id:s are 

CDN01-CDN05 as shown in Figure 7. Each Project Id, which is the actual borehole, is 

connected to the Nest Id in the union that the borehole is located. Within each Project Id there 

are one or more piezometers (P1, P2,.., P5). P1 is the shallowest piezometer, P2 is deeper than 

P1, P3 is deeper than P2 etcetera. In every location, P1- P3 are drilled by hand percussion 

method, and P4 - P5 are drilled with a mechanical device using the Rotary (donkey) Method. 

Sample data and chemical data is connected to the right borehole through the Nest Id or the 

project Id, and sometimes in combination with the piezometer name. 

4.1.1 ASMITAS field data 

The samples in the ASMITAS database were collected by IGARG in collaboration with 

Dhaka University and provided to us by ExcelDots. The ASMITAS data consists of two Excel 

sheets, ASMITAS Project and ASMITAS Sample, which are connected by the project Id:s. 

ASMITAS Project provided us with information such as project Id, project name, coordinates 

and when the driller added the borehole to the database. ASMITAS Sample provided us with 

more detailed information about each borehole, such as sediment samples, sample depths, the 

sample type and texture, the RGB color code and the Munsell Color.  

 

The sheet ASMITAS Project gave us information about how the Ids and nests were connected. 

The Project Id:s 431 and 432 are connected through the Nest Id CDN01, while the Project Id:s 

435 and 436 belong to the Nest Id CDN02. CDN01 is situated in the Goalmari union and 

CDN02 in the Panchgachia union, both in the upazila of Daudkandi. How the Project Id:s, 

Nest Id:s and piezometers are connected is illustrated in Table 1 . 

 

Table 1. Visualization of how the project Id:s, project names, unions and piezometers are connected. 

Project Id Project name Union Piezometers 

431 CDN01 Goalmari P1, P2, P3 

432 CDN01 Goalmari P4, P5 

435 CDN02 West Panchgachia P5 

436 CDN02 West Panchgachia P4 
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In the extract of data from ASMITAS Sample that can be seen in Table 2 below, the Project Id 

431 refers to the same Project Id as in ASMITAS Project, which is how the two sheets are 

connected. The depth [ft] is the depth where the sample was taken, the sampleSandTexture is 

the grain size of the sediment, and the nixSensorData contains information regarding the 

sediment color. The Nix Sensor is the spectral scanner used in the ASMITAS mobile 

application, which is mentioned in section 2.3.3. 

 

Table 2. Selection of data from Excel-table ‘ASMITAS project samples’ provided by ExcelDots. 

Depth 

(ft) 

Project 

Id 

sampleSand

Texture 

nixSensorData 

9 431 Clay {"color":"rgb(112,97,80)","cmyk":{"c":50,"m":52,"y":65,"k":26},"color_name":"D

ark Grayish Brown","color_id":"10YR4/2","brand":"Exceldots 

Sediments","note1":"Black"} 

19 431 Silt & Clay {"color":"rgb(90,83,75)","cmyk":{"c":58,"m":55,"y":62,"k":34},"color_name":"Ve

ry Dark Gray","color_id":"5Y3/1","brand":"Exceldots Sediments","note1":"Not-

Available"} 

39 431 Fine Sand {"color":"rgb(40,36,29)","cmyk":{"c":65,"m":63,"y":71,"k":73},"color_name":"Bl

ack","color_id":"10YR2/1","brand":"Exceldots Sediments","note1":"Not-

Available"} 

59 431 Very-Fine 

Sand 

{"color":"rgb(50,45,36)","cmyk":{"c":63,"m":61,"y":71,"k":66},"color_name":"Bl

ack","color_id":"10YR2/1","brand":"Exceldots Sediments","note1":"Not-

Available"} 

99 431 Medium Sand {"color":"rgb(96,89,79)","cmyk":{"c":57,"m":53,"y":62,"k":30},"color_name":"Da

rk Gray","color_id":"2.5Y4/1","brand":"Exceldots Sediments","note1":"Not-

Available"} 

 

In the first column in Table 2, depth, the table is read as down to 9 ft of depth the grain size is 

clay. Thereafter, between 9 ft and 19 ft of depth, the grain size is silt and clay, and between 19 

ft and 39 ft of depth, the grain size is fine sand. Note that the measurements are in [ft] and had 

to be converted to [m] to be consistent. The string under the column “nixSensorData'' gives us 

as mentioned above information regarding the sediment color: 

 

{"color":"rgb(112,97,80)","cmyk":{"c":50,"m":52,"y":65,"k":26},"colo

r_name":"Dark Grayish Brown","color_id":"10YR4/2","brand":"Exceldots 

Sediments","note1":"Black"}  

 

with the most relevant information: 

- Color: RGB(112,97,80) 
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- Color Name: Dark Greyish Brown 

- Color Id: 10YR/2 

 

The Color Name is the ‘field observed color’ and Color Id is the Munsell Color described in 

section 2.3.3. To visualize the aquifer characteristics based on the ASMITAS data, these color 

descriptions are essential. 

4.1.2 ASMITAS screening data  

As a complement to the ASMITAS field data, ExcelDots provided us with an Excel sheet that 

contains essential data regarding the screening interval for each well. The screening interval is 

the perforated end of the piezometer that is often 3 meters or less, which is from where the 

groundwater can enter the well. It is also within the screening interval of each piezometer that 

the water is being analyzed, which is why this sheet also contains information about the 

arsenic level [μg/L]. An extract of the screening data used for this project can be seen in Table 

3 below. In this sheet the identifiers are the Nest Id and the piezometers, not the Project Id, 

but with this information the screening data could easily be connected to their associated 

boreholes.  

 

Table 3. Selection of data from Excel-table ‘ASMITAS Screening As’ provided by ExcelDots. 

District Upazila Union Nest ID Piezo

meters 

Drilling 

Depth 

(m) 

Well 

Depth 

(m) 

Depth of 

top of 

screen (m) 

Depth of 

bottom of 

screen (m) 

Arsenic 

level 

(μg/L) 

Cumilla Daudkandi Goalmari CDN01 P1 30,5 29,0 24,4 27,4 300-400 

Cumilla Daudkandi Goalmari CDN01 P2 74,7 73,2 67,1 70,1 200-250 

Cumilla Daudkandi Goalmari CDN01 P3 91,5 89,9 85,4 88,4 0 

Cumilla Daudkandi Goalmari CDN01 P4 170,7 161,6 152,4 158,5 0 

Cumilla Daudkandi Goalmari CDN01 P5 298,8 248,5 236,3 245,4 0 

 

The most important data from this sheet is the drilling depth, the well depth, the screening 

intervals, and the arsenic levels. Note that the arsenic levels are presented as intervals, which 

makes them impossible to incorporate in GeoGIS since the software demands numeric values. 

Therefore, the average value and the relevant uncertainty had to be calculated before using 

this data for our project, as seen in section 3.1.4.  
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4.1.2 Data from UNICEF 

Primary data was also provided by Dhaka University and UNICEF, who used the ASMITAS 

app. The data contributed with groundwater level measurements in the different piezometers 

from August 2020 until April 2021, an extract is shown in Table 5. It also contained the 

parapet height for each piezometer, which is from what height the sounding of groundwater 

levels was done. The UNICEF data document uses the Nest Id and piezometers as identifiers 

and could in that way be connected to the project Id:s. The UNICEF dataset also provided us 

with the coordinates of each project, shown in Table 4.  

 

Table 4. Location information of the nest CDN01 (Goalmari). 

District Cumilla   Well Diameter (inch) 2 

Upazila Daudkandi   NEST CDN01 

Union Goalmari   Number of Piezometers 5 

Mouza Mohonthon   Latitude (N) 23,49353 

Village Mohonthon   Longitude (E) 90,72477 

 

Table 5. Groundwater levels registered in the nest CDN01. 

Timestamp District Upazila 2  Union 2 Nest 2  Piezo

meters  

Parapet 

Height 

(cm)  

GWL depth 

from 

measuring 

point (m) 

GWL 

depth 

from MP 

(cm) 

2020.08.07 12:19 Cumilla Daudkandi Goalmari CDN01 P1 41 1 75 

2020.08.07 12:26 Cumilla Daudkandi Goalmari CDN01 P1   1 35 

2020.08.07 12:28 Cumilla Daudkandi Goalmari CDN01 P1   1 42 

2020.08.09 18:17 Cumilla Daudkandi Goalmari CDN01 P1   1 43 

2020.08.16 19:41 Cumilla Daudkandi Goalmari CDN01 P1   1 77 

2020.08.23 21:00 Cumilla Daudkandi Goalmari CDN01 P1   1 53 

2020.08.31 09:35 Cumilla Daudkandi Goalmari CDN01 P1   1 98 

2020.09.06 18:29 Cumilla Daudkandi Goalmari CDN01 P1   2 18 

2020.09.13 15:54 Cumilla Daudkandi Goalmari CDN01 P1   2 50 
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4.2 Collection of essential data 

To be consistent with the use of identifiers within ASMITAS, the Nest IDs are still in the 

Excel file but not incorporated in GeoGIS. Table 6 below illustrates how the Nest IDs and 

Project IDs are connected. Note that the coordinates are the same for different projects within 

the same nest, which is a simplification of the reality used in the data from UNICEF.  

 

Table 6. Location of different projects within the same nests.  

District Upazila Union Nest ID Project ID  Latitude Longitude 

Cumilla Daudkandi Goalmari CDN01 431 23,49353 90,72477 

Cumilla Daudkandi Goalmari CDN01 432 23,49353 90,72477 

Cumilla Daudkandi West 

Panchgachia 

CDN02 448 23,45143 90,73712 

Cumilla Daudkandi West 

Panchgachia 

CDN02 436 23,45143 90,73712 

Cumilla Daudkandi West 

Panchgachia 

CDN02 435 23,45143 90,73712 

 

 

Within each borehole (Project ID), there are one or more piezometers. For example, project 

431 has three piezometers (P1-P3) and project 432 has two piezometers (P4-P5) as illustrated 

in Table 7 below. There is also additional information related to each piezometer in the same 

table, such as the drilling depth and well depth. All essential parameters that were extracted 

for this project can be seen in Appendix 2.  
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Table 7. Piezometers connected to boreholes (Project IDs) with additional information. 

Project 

Id 

(Point) 

Eleva

tion 

(m) 

Piezo

meter

s 

Drilling 

Depth 

(m) 

Well 

Depth 

(m) 

Parapet 

height 

(m) 

Depth of 

top of 

screen (M) 

Depth of 

bottom of 

screen (m) 

Elevation 

top of 

screen (M) 

Elevation of 

bottom of 

screen (m) 

431 6,4640

00225 

P1 30,4878

0488 

28,963

41463 

0,41 24,4 27,4 -

17,93599977 

-20,93599977 

431 6,4640

00225 

P2 74,6951

2195 

73,170

73171 

0,46 67,1 70,1 -

60,63599977 

-63,63599977 

431 6,4640

00225 

P3 91,4634

1463 

89,939

02439 

0,46 85,4 88,4 -

78,93599977 

-81,93599977 

432 6,4640

00225 

P4 170,731

7073 

161,58

53659 

0,38 152,4 158,5 -

145,9359998 

-152,0359998 

432 6,4640

00225 

P5 298,780

4878 

248,47

56098 

0,46 236,3 245,4 -

229,8359998 

-238,9359998 
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5. Results 

The following subsections present the results from the visualizations of essential data in 

GeoGIS. It turned out that the borehole logs for nest CDN01-CDN04 were similar, but that 

nest CDN05 clearly differed from the others. Therefore, only the borehole logs for nest 

CDN01 and CDN05 are presented, the full list of the borehole logs can be seen in Appendix 

3. Thereafter, hydrographs from all nest CDN01-CDN05 show the groundwater levels in their 

boreholes. Finally, the interpretations of the aquifer sequences based on the borehole logs and 

the hydrographs are presented.  

5.1 Borehole logs 

The borehole logs represent a hydrogeological description of each borehole and its 

piezometers. The essential data included in the borehole logs are the sediment layers, the 

visual color of the sediment, the RGB color and the Munsell Color as seen in the Geological 

Description. Other essential data included is the minimum and maximum values of the 

groundwater levels and the arsenic concentration [μg/L] in the screening interval. It also 

contains information such as the elevation (Sea Level) that was extracted from the DEM, the 

borehole depth and what drilling method was used (hand percussion or the Rotary method). 

Location information included is the upazila name (Daudkandi), the Nest Id and union, the 

borehole name (Project Id) and the projection (BTM) of the coordinates.  

 

Figure 8 and Figure 9 below are examples of what the borehole log looks like, representing 

Project Id 431 and Project Id 432 within the Nest Id CDN01 (Goalmari). What can be clearly 

seen in the logs for CDN01, based on the piezometers depths, is the shallow (P1-P3), 

intermediate (P4) and deep (P5) aquifers. Looking at the arsenic level in the screening interval 

for P1 in Figure 8, there are high levels of arsenic (350 μg/L) which exceed the WHO 

guidelines (>10 μg/L). In the screening interval for P2 it is reduced high (225 μg/L) while 

there are low arsenic levels in P3, P4 and P5 (0 μg/L), as can be seen in Figure 9. What is 

interesting is to compare the arsenic levels with the sediment color, since oxidized (off-white 

or red color) sediments are assumed to be arsenic safe. CDN01 is representative for the nests 

CDN02-CDN04 since they show similar patterns, therefore their associated borehole logs are 

found in Appendix 3. 

 

. 
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Figure 8. Borehole log from Nest Id CDN01 

(Goalmari) and project 431, piezometer P1-P3 

Figure 9. Borehole log from Nest Id CDN01 

(Goalmari) and project 432, piezometer P4-P5. 

 

CDN05 (North Elliotganj) clearly differs from the other nests since there are no clear oxidized 

sediments or layers, either clay or sand. What stands out is that even though P3 is 97,6 meters 

deep, it has high arsenic concentrations (300 μg/L), see Figure 10. P4 (Figure 11) and P5 

(Figure 12) are located in deep aquifers with over 150 meters depth, and are arsenic safe.  
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Figure 10. Borehole log for Nest Id CDN05 

(North Elliotganj) and project 497, piezometer 

P1, P3. 

Figure 11. Borehole log for Nest Id CDN05 

(North Elliotganj) and project 453, piezometer 

P4. 

 

 

Figure 12. Borehole log for Nest ID CDN05 

(North Elliotganj) and project 452, piezometer 

P5. 
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5.2 Hydrographs 

The groundwater levels for each piezometer and borehole are represented as hydrographs 

where P1, P2,..., P5 represents the different piezometers. For Nest ID CDN01, groundwater 

levels were registered between August 2020 until April 2021, as shown in Figure 13. 

Groundwater levels in the nests CDN02-CDN05 (Figure 13 - Figure 17) were registered 

between November 2020 until April 2021. What can be clearly seen in the hydrographs is that 

there are different aquifer sequences within each nest, separated by a hydraulic boundary 

(aquitard). The hydrographs for the nests CDN01-CDN04 (Figure 13 - Figure 16) show 

similar patterns where P1 is in shallow aquifers and the other piezometers are in intermediate 

or deep aquifers. As mentioned in section 5.1, CDN05 (Figure 17) clearly differs from the 

other nests and the hydrograph shows that P1 and P3 belong to the same hydraulic property, 

while there is no hydraulic boundary between the intermediate or deep aquifer (P4-P5). 

 

 
Figure 13. Groundwater levels for Nest Id CDN01, project 431 and 432, piezometer P1-P5. The water 

levels were registered between August 2020 until April 2021. 
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Figure 14. Groundwater levels for Nest Id CDN02, project 435, 436, 448 and piezometer P1-P5.  The 

water levels were registered between November 2020 until April 2021. 

 

 
Figure 15. Groundwater levels for Nest Id CDN03, project 447, 449, 456, 459 and piezometer P1-P5.  

The water levels were registered between November 2020 until April 2021. 
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Figure 16. Groundwater levels for Nest Id CDN04, project 450, 451, 460 and piezometer P1 and P3-

P5.  The water levels were registered between November 2020 until April 2021. 

 
Figure 17. Groundwater levels for Nest Id CDN05, project 452, 453, 497 and piezometer P1 and P3-

P5.  The water levels were registered between November 2020 until April 2021. 
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5.3 Aquifer sequences 

Based on the borehole logs and hydrographs for each nest, geological interpretations could be 

done, and the aquifer sequences determined. The interpretation shows that all piezometers 

installed in or between oxidized sediments are arsenic safe. In this section, the results from 

each nest will be presented.  For nest CDN01 - CDN04 the borehole logs and hydrographs are 

summarized in Table 8. For CDN01-CDN04, P1 is located in a shallow aquifer (aquifer #1) 

where the arsenic level is high, which could be seen in their respective borehole logs. 

Thereafter, there is a mixed aquifer sequence (aquifer #2a, #2b, #2c) of three sandy layers 

mixed with finer sediments.  

 

The reduced high arsenic level for aquifer #2a was registered solely in CDN01 and CDN02, 

and not in CDN03 and CDN04. Aquifer #2b was registered in all four nests CDN01-CDN04, 

had a registered low arsenic level, and consists of an oxidized sand layer. Aquifer #2c, the last 

of the three shallow mixed aquifers, was registered below oxidized sediments in nest CDN01 

- CDN03 and the registered arsenic level was low. Possible explanations for the non-

identified aquifer sequences and arsenic levels are discussed in section 6.1. Furthermore, in all 

the nests, CDN01-CDN04, P4 and P5 was located in the intermediate aquifer #3 respectively 

deep aquifer #4. Both aquifers are registered to be arsenic safe (<10 μg/L), which can be seen 

in their borehole logs in Figure 8, Figure 9 and in Appendix 3.  

 

Table 8. Aquifer sequences for the Nest Id:s CDN01-CDN04. 

Nest Piezometer Aquifer number Aquifer Arsenic level 

CDN01-CDN04 P1 #1 Shallow High 

CDN01-CDN02 P2 #2a Shallow mixed aquifer 

sequence  

Reduced High 

CDN03-CDN04 P2 & P3 #2b Shallow mixed aquifer 

sequence  

Low 

CDN01-CDN03 P3 #2c Shallow mixed aquifer 

sequence  

Low 

CDN01-CDN04 P4 #3 Intermediate Safe 

CDN01-CDN04 P5 #4 Deep Safe 
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Table 9 below refers to the aquifer sequences for CDN05, distinct from CDN01-CDN04. 

Compared to the other nests, the samples from CDN05 didn’t have oxidized sediments or 

layers which can be seen in the nests’ borehole logs in Figure 10 - Figure 12. In addition, the 

mixed aquifer sequence is missing. The high arsenic levels were registered in the shallow 

aquifer #5 and is located by P1. Thereafter, there is a shallow mixed aquifer #6, and because 

of the non-existing oxidized sediments, aquifer #6 has high arsenic concentrations even 

though it’s 97,6 meters deep (see Figure 10). P4 and P5 are located in the intermediate 

respectively deep aquifer #7 and #8 and are both arsenic safe (<10 μg/L), see Figure 11 and 

Figure 12.  

 

Table 9. Aquifer sequences for Nest Id CDN05. 

Nest Piezometer Aquifer number Aquifer Arsenic level 

CDN05 P1 #5 Shallow High 

CDN05 P3 #6 Shallow mixed High 

CDN05 P4 #7 Intermediate Safe 

CDN05 P5 #8 Deep Safe 
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6. Discussion 

In the discussion, several aspects of the results will be analyzed such as the research 

questions, if the thesis did contribute to the overall goal and aim, and how the thesis has 

contributed to the SDGs described in part 2.1.3. Furthermore, weaknesses are evaluated and 

ideas for further studies are considered and discussed. 

6.1 Discussion of the results 

The aim of this study was to explore the potential of automatically transferring captured field 

data from different sources to a quality assured platform. To fulfill the aim, data capturing of 

existing field data was implemented, where essential data was extracted and systematically 

structured in a new database. Thereafter, essential data was incorporated in the software 

GeoGIS with the purpose of visualizing the hydrogeological field data. The method was 

successful under the conditions that all data, including secondary data, was evaluated, and 

structured to fit the software and could therefore automatically be transferred to GeoGIS. The 

main essential parameters that were identified are included in the borehole logs (5.1) and the 

hydrographs (5.2) that are represented in the results. All essential parameters are presented in 

the collection of data, section 4.2, and in the tables in Appendix 2. Secondary data used and 

needed for this project was the DEM (30 m resolution) and the projection system BTM. 

 

The borehole logs are useful for visualizing the hydrogeological conditions and at what depth 

arsenic safe water is found. What is interesting is to compare the borehole logs in our results 

(5.1) with the Sediment Color Tool and the research conducted by the SASMIT project group 

mentioned in section 2.3.3. According to Hossain et al. (2014), high arsenic levels occur in 

black or white sediments that are highly reduced, while oxidized sediments of red or white 

color contain low arsenic levels. In addition, high arsenic levels mostly occur in shallow 

aquifers. The borehole logs include information about the sediment colors (RGB color and 

Munsell Color), grain size, arsenic levels and depth of the strata. All borehole logs CDN01-

CDN05, (Figure 8 - Figure 12 and Appendix 3) show similar patterns as the Sediment Color 

Tool concerning arsenic levels in shallow aquifers and in black or white sediments, and the 

intermediate or deep aquifers in all boreholes are arsenic safe. Furthermore, since the borehole 

logs show that all piezometers installed in, or below, oxidized sediments are arsenic safe, the 

results are consistent with the produced research of the SASMIT project group.  
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Concerning groundwater levels shown in the hydrographs (section 5.2), measurements were 

done between August-April or November-April. According to Saha and Rahman (2020), most 

of the precipitation in Daudkandi occurs between June and October (monsoon season), which 

is when the shallow aquifers are recharged. The groundwater fluctuation varies between 1.2 m 

(dry season) and 4 m (monsoon season), which seems to correspond to the hydrographs in our 

results. Although the measurements were done during the dry season it might be valuable to 

analyze a complete hydrograph, where the water levels have been registered for an entire 

year. However, the collected data still shows how the different boreholes are connected to the 

same aquifers, and the result is therefore considered to be decent. 

 

Based on the borehole logs and hydrographs, it was possible to interpret the aquifer 

sequences. As mentioned in section 5.3 the aquifer sequences indicate that some of the 

boreholes are connected to the same aquifers. The different piezometers in nest CDN01-

CDN04 indicate that there are four (#1, #2, #3, #4) aquifers at different depths; one shallow, 

three shallow mixed, one intermediate deep and one deep aquifer, see Table 8. Nest CDN05 

clearly differs from the rest of the nests, for example the mixed aquifer sequence is missing 

and there are no oxidized sediments as it is in CDN01-CDN04 see Table 9. Clearly, the 

geological conditions vary depending on the area, therefore it is not astounding that nest 

CDN01-CDN04 and nest CDN05 are associated with distinctive aquifers. 

 

In general, the results show that even simple measures are a good way of interpreting the 

aquifer sequences and the risk of having arsenic in the aquifer. The results also show that 

collecting a small amount of field data in a systematic and automated way will greatly help in 

targeting safe aquifers for provision of safe drinking water. In addition, the potential of using 

GeoGIS as a tool to visualize hydrogeological field data has proved to be efficient, which 

answers one of the three research questions. There are various visualization tools in GeoGIS, 

of which the hydrographs and borehole logs were used for this project, but there are also 

possibilities to create 3D models in the software. The possibilities to customize the settings to 

the stakeholders’ needs are extensive which makes the software adaptable to numerous sorts 

of hydrogeological projects, regardless of the quests. Suggestions for further studies are 

discussed in section 6.4.  
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6.2 Contributions to sustainable development 

Even though this thesis was a pilot-project on a small scale, the authors strongly believe its 

contributions to the Sustainable Development Goals (SDGs) chosen in section 2.1.3. are of 

value. Although, it is likely to assume that the contributions will be more direct if this project 

continues on a larger scale. Therefore, the authors of this thesis believe that the results, 

eventually, can contribute to the mentioned SDGs in section 2.1.3. 

 

The overall goal with this thesis was to provide information to present hydrogeological field 

data to public and private sectors, to scale up safe water access in Bangladesh. In addition, the 

goal was to increase the transparency of hydrogeological conditions to enhance the capacity 

of targeting safe aquifers. According to van Geen et al. (2015) the villagers in Bangladesh are, 

in general, aware that elevated arsenic concentrations cause health risks, but unaware of the 

status in their own well. Moreover, as discussed in section 2.3.2, lack of adequate knowledge 

of the local geological conditions are important causes for installing tubewells in unsafe 

aquifers (Hossain et al., 2014). Our results have shown that collecting field data from 

different sources will help interpret aquifer sequences, and that visualizations of 

hydrogeological conditions will help targeting arsenic safe aquifers in the investigated area.  

 

The results of this thesis can be used for providing information to public and private sectors in 

Bangladesh and would enable better conditions for installing tube-wells in safe aquifers, as 

well as increase the transparency of local hydrogeological conditions. Primarily, our results 

contribute to the SDGs on a local community scale. For example, the SDG Target 6.b 

“Support and strengthen the participation of local communities in improving water and 

sanitation management” emphasizes the community’s role for providing safe drinking water. 

As discussed in section 2.3.2, the local drillers are the main drivers to safe water supply in 

Bangladesh (Hossain et al., 2014), and by enhancing the capacity of targeting safe aquifers, 

the results can be seen as a contribution of supporting and strengthening the local 

communities water management in Daudkandi. If this pilot-project continues on a larger 

scale, this thesis could eventually work as a step towards achieving the SDG Target 6.1 “By 

2030, achieve universal and equitable access to safe and affordable drinking water for all”, 

though consideration should be taken that this thesis focuses particularly on Bangladesh. 
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By enhancing the transparency and information concerning hydrogeological conditions in 

Bangladesh, the authors believe that the results can contribute to reducing the amount of the 

current 230 million people being at risk of arsenic poisoning (Saha and Rahman, 2020). As 

mentioned in section 2.1.1, arsenic poisoning increases the risk of e.g. skin, lung and bladder 

cancer, and diabetes (WHO, 2018). If further studies are done, this thesis could therefore 

contribute to the SDG Target 3.9 “By 2030, substantially reduce the number of deaths and 

illnesses from hazardous chemicals and air, water and soil pollution and contamination”. As 

this project focuses on Bangladesh the predicted outcome from future studies would primarily 

target the Bangladeshi population, although there are opportunities of implementing the 

ASMITAS tool in other parts of the world. The SDG Target 3.9 is strongly related to the SDG 

Target 11.1 “By 2030, ensure access for all to adequate, safe and affordable housing and 

basic services and upgrade slums.”, if focusing on water. This proves that the future outcome 

and results within this area of research can have a big impact on various SDGs and human 

lives.  

6.3 Weaknesses 

In our analysis we chose to use primary data from UNICEF for the coordinates of each 

borehole, although they are somewhat simplified. According to the UNICEF data, all 

boreholes and piezometers within the same nest share the same coordinates but in reality, the 

boreholes are a few meters apart. The decision of using the UNICEF data was made after 

understanding that the ASMITAS coordinates were not consistently accurate. The reason for 

the errors could potentially be the collection of samples being at off-site location, or that the 

accuracy of Global Navigation Satellite Systems (GNSS) in the rural areas of Bangladesh is 

faint. If this project is to be continued, it would be recommended to create a more reliable 

standard way of collecting coordinates to reduce the risk of handling errors. This would also 

improve the reliability of the data transfer from the ASMITAS database to GeoGIS. 

 

The DEM used for this project has a 30 m resolution, which is assumed to be good enough 

since the study area (Daudkandi) is mostly plain lowland. This applies to most of Bangladesh, 

but as mentioned in section 2.2.1 there are some elevated terraces in the north and hills in the 

east (Ravenscroft, 2011). For example, the Gowainghat upazila is located in the north east of 

Bangladesh and has complicated geological conditions including hilly terrain (Ahmed et al. 

2019). For upazilas with similar geological conditions and few topographical variations as 
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Daudkandi, the way of creating the visualizations and the data needed would probably be 

comparable. By contrast, since the geology and topography in e.g., Gowainghat is 

complicated, perhaps more data would be needed for GeoGIS to, in a proper way, interpret 

the data and create reliable aquifer sequences and visualizations with accurate elevations.  

 

There are some weaknesses concerning the aquifer sequences due to the limited amount of 

data. For example, our results show that there is no hydraulic boundary or aquitard between 

the intermediate and deep aquifers in the nests CDN01-CDN04 (Figure 8, Figure 9 and 

Appendix 3). A possible explanation is that there is no hydraulic boundary at all, or simply 

that it was not recognized in the collected sediment samples or hydrographs. The results also 

revealed that aquifer #2a and #2c were not detected in the nest CDN04. The reason could be 

that the aquifer is very thin, that it is not existing or that it was not detected while sampling 

the sediments. However, if there is a hydraulic boundary or aquifer that was not covered by 

the samples, the aquifer sequences might be misleading. According to Raessler (2018), the 

sediment layers are extremely heterogeneous and individual layers cannot be distinguished 

over a longer time, which complicates the aquifer analysis if data is missing. Consequently, it 

is difficult to make assumptions concerning aquifer sequences and therefore, some additional 

data might be useful to assure the accuracy of our interpretations. 

6.4 Further studies 

Combining ASMITAS and GeoGIS for sustainable groundwater management has proved to 

be an efficient way of performing hydrogeological analysis. In the future, the authors strongly 

believe in its potential of increasing the transparency for public and private sectors in 

Bangladesh as a smart decision tool that will ensure the accountability of decision makers. As 

discussed in section 2.3.4, people with a lot of influence currently have a significant impact in 

deciding where to drill and who will have access to safe tube-wells (Madajewicz et al, 2021). 

However, providing information with transparency at both local and national level might be 

an efficient way of combating elite capturing of safe drinking wells provided by local 

government institutions. With an improved dataflow from field to the ASMITAS app the 

hydrogeological status of the well can be ensured to a greater extent than before, which can 

have an impact on both individuals and the country’s overall informational hydrogeological 

transparency.  
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This study has identified that data automatically can be transferred from field to GeoGIS, 

under the conditions that some adjustments are made. If this project continued, it would be 

significant to implement quality assurance of the data and thereby investigate where in the 

data flow the quality assurance should take place. Since all the data goes directly into the 

ASMITAS database, the authors consider it would be an advantage to use a script that 

identifies issues and summarizes the data in the ASMITAS database, perhaps by using SQL 

Server Data Quality Services. The next step should involve cleansing the data and fixing any 

issues, such as removing duplicates. Thereafter, it would preferably be needed to monitor the 

data and to check that it continuously follows the terms and conditions. Even though it is 

always desirable to minimize the handling errors, a script is considered to be helpful and 

needed for quality assurance since the ASMITAS database consists of primary data. 

 

The focus within this study was the automatic transfer of data from user to database, and from 

database to GeoGIS. For further studies, it would be relevant to consider what information 

should go the opposite direction, that is, from GeoGIS to the user. To expand the use of the 

ASMITAS app and use it as a smart decision tool, it is important to decide what information 

the user will see when deciding where to install the wells. The authors suggest that the drillers 

should see the visualizations of the different strata and at what depth arsenic has been detected 

in the nearby area. If an aquifer with high arsenic levels has been detected close to the driller, 

the driller could more handily make a qualified decision where to drill. At this point, the 

driller can see at what depth groundwater can be expected and at what depth he can expect to 

find arsenic contaminated water. Therefore, it would be clarifying and would most likely 

simplify drillers’ work when targeting safe aquifers if the ASMITAS app also included a 3D 

model that visualized the nearby aquifers and their arsenic levels. 

 

A natural progression of this work could be to create a 3D model in GeoGIS with the 

collected data. If so, it would be of value to consider the weaknesses mentioned in section 6.3. 

Depending on the desired accuracy of the model, perhaps more data or even parameters would 

be needed, depending on the complexity of the geological conditions in the area. It would also 

be of value to work with the color representation of the sediments to ensure a pedagogical and 

easily accessible model. In summary, there is a big potential of creating a 3D model with the 

collected data from this thesis, but to which extent new parameters or more data needs to be 

included, must be investigated further. 
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7. Conclusion 

There are three main conclusions that can be drawn from this thesis. The borehole logs, 

hydrographs and arsenic screening data have confirmed that collecting a small amount of field 

data in a systematic and automatized way will help to interpret aquifer sequences. With 

knowledge about the aquifer sequences and the risk of having arsenic in the aquifer, targeting 

safe aquifers for the provision of safe drinking water can be facilitated. Another outcome is 

that GeoGIS has proved to be an efficient tool for visualizing hydrogeological data since it is 

easily adaptable to the prevailing circumstances and the stakeholders’ needs. The final 

conclusion is that the integration of a digital platform for data collection and groundwater 

management along with the SASMIT protocol may significantly improve the decision-making 

capabilities for arsenic mitigation strategies. Furthermore, providing hydrogeological 

information transparently at a national and local level can help improve safe water access to 

high arsenic areas of Bangladesh.  

 

If desired, it would be easy to scale up the identification of aquifer sequences to include more 

unions and upazilas in Bangladesh. If so, it would be necessary to refine the ASMITAS 

database to match the GeoGIS software more accurately, so the automated data transfer can 

smoothly take place. A natural progression of this thesis would also be to create a 

hydrogeological 3D model in GeoGIS, to further visualize the conditions in the area, though it 

would be necessary to investigate if more parameters or data would be needed. 
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Appendix 1 

 

Table 1. Projection system: Bangladesh Transverse Mercator (BTM) 

Projection Transverse Mercator 

False_Easting 500000.000000 

False_Northing -2000000.000000 

Central Meridian 90.000000 

Scale Factor 0.999600 

Latitude_Of_Origin 0.000000 

Linear Unit Meter (1.000000) 
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Appendix 2 

Table 1. Extract from the Excel-sheet ‘Geology’. 

Nest Id Project Id 

(point) 

Piezo

meter 

Boring 

Depth 

(m) 

Sample Sand 

Texture 

nixSensorData (RGB color, Color name, Munsell 

Color) 

CDN01 431 P1 2,7 Clay {"color":"rgb(112,97,80)","cmyk":{"c":50,"m":52,"y":65,

"k":26},"color_name":"Dark Grayish 

Brown","color_id":"10YR4/2","brand":"Exceldots 

Sediments","note1":"Black"} 

CDN01 431 P1 5,8 Silt & Clay {"color":"rgb(90,83,75)","cmyk":{"c":58,"m":55,"y":62,"

k":34},"color_name":"Very Dark 

Gray","color_id":"5Y3/1","brand":"Exceldots 

Sediments","note1":"Not-Available"} 

CDN01 431 P1 11,9 Fine Sand {"color":"rgb(40,36,29)","cmyk":{"c":65,"m":63,"y":71,"

k":73},"color_name":"Black","color_id":"10YR2/1","bran

d":"Exceldots Sediments","note1":"Not-Available"} 

CDN01 431 P1 18,0 Very-Fine Sand {"color":"rgb(50,45,36)","cmyk":{"c":63,"m":61,"y":71,"

k":66},"color_name":"Black","color_id":"10YR2/1","bran

d":"Exceldots Sediments","note1":"Not-Available"} 

CDN01 431 P1 30,2 Medium Sand {"color":"rgb(96,89,79)","cmyk":{"c":57,"m":53,"y":62,"

k":30},"color_name":"Dark 

Gray","color_id":"2.5Y4/1","brand":"Exceldots 

Sediments","note1":"Not-Available"} 

 

Table 2. Extract from the Excel-sheet ‘Groundwater Levels’. 

Nest ID Project Id Piezometers  Sounding time GWL from MP 

(m) 

GWL depth 

from GL (m) 

CDN01 431 P1 8-7-2020 12:19:11 1,75 1,34 

CDN01 431 P1 8-7-2020 12:26:06 1,35 0,94 

CDN01 431 P1 8-7-2020 12:28:06 1,42 1,01 

CDN01 431 P1 8-9-2020 18:17:33 1,43 1,02 

CDN01 431 P1 8-16-2020 19:41:24 1,77 1,36 

CDN01 431 P1 8-23-2020 21:00:23 1,53 1,12 

CDN01 431 P1 8-31-2020 9:35:14 1,98 1,57 

CDN01 431 P1 9-6-2020 18:29:10 2,18 1,77 

CDN01 431 P1 9-13-2020 15:54:48 2,5 2,09 
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Table 3. Extract from the Excel-sheet ‘Arsenic’. 

Nest ID Project 

Id 

Piezome

ters 

Drilling 

Depth (m) 

Field test Arsenic 

level (ppb) 

Measurement Arsenic 

level (ppb) 

Relevant 

uncertainty 

CDN01 431 P1 30,5 300-400 07-19-20 350 0,142 

CDN01 431 P2 74,7 200-250 07-19-20 225 0,111 

CDN01 431 P3 91,5 0 07-19-20 0 0 

CDN01 432 P4 170,7 0 07-19-20 0 0 

CDN01 432 P5 298,8 0 07-19-20 0 0 

CDN02 448 P1 30,5 75-100 11-09-20 87,5 0,143 

CDN02 448 P2 56,4 10-15 11-09-20 12,5 0,2 

CDN02 448 P3 85,4 0 11-09-20 0 0 

CDN02 436 P4 170,7 0 11-09-20 0 0 

CDN02 435 P5 304,9 0 11-09-20 0 0 

CDN03 459 P1 22,9 100-150 11-10-20 125 0,2 

CDN03 459 P2 50,3 0 11-10-20 0 0 

CDN03 456 P3 85,4 0 11-10-20 0 0 

CDN03 449 P4 146,3 0 11-10-20 0 0 

CDN03 447 P5 304,9 0 11-10-20 0 0 

CDN04 460 P1 24,4 100-150 11-07-20 125 0,2 

CDN04 460 P3 88,4 0 11-07-20 0 0 

CDN04 451 P4 176,8 0 11-07-20 0 0 

CDN04 450 P5 304,9 0 11-07-20 0 0 

CDN05 497 P1 25,9 200 11-12-20 200 0 

CDN05 497 P3 97,6 300 11-12-20 300 0 

CDN05 453 P4 176,8 0 11-12-20 0 0 

CDN05 452 P5 304,9 0 11-12-20 0 0 
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Appendix 3 

 
Figure 1. Nest ID CDN02 (West 

Panchgachia) borehole 435, P5. 

 
Figure 2. Nest ID CDN02 (West 

Panchgachia) borehole 436, P4. 

 
Figure 3. Nest ID CDN02 (West 

Panchgachia) borehole 448, P1-P3. 
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Figure 4. Nest ID CDN03 (Maruka) 

borehole 456, P3. 

 
Figure 5. Nest ID CDN03 (Maruka) 

borehole 459, P1-P2. 

 
Figure 6. Nest ID CDN03 (Maruka) 

borehole 449, P4. 

 
Figure 7. Nest ID CDN03 (Maruka) 

borehole 447, P5. 
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Figure 8. Nest ID CDN04 (Sandalpur) 

borehole 460, P1 & P3. 

 
Figure 9. Nest ID CDN04 (Sandalpur) 

borehole 450, P5. 

 
Figure 10. Nest ID CDN04 (Sandalpur) 

borehole 451, P4. 

 

 



56 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This page is intentionally kept blank 



57 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



TRITA ABE-MBT-

21190

www.kth.se


